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The  objective  of  this  research  effort  is  to  apply 
optical  holographic  techniques  coupled  with  electronic 
processing  techniques  for  providing  a  several  orders  of 
magnitude  more  sensitive  method  for  full  field  visualization 
of  low  amplitude  (order  of  Angstroms  )  acoustic  waves 
propagating  along  the  surface  of  a  solid  body.  The 
technique  being  developed  for  measuring  sub-fringe  surface 
displacements  is  heterodyne  holographic  interferometry.  The 
holographic  recording  process  is  similar  to  tha  employed  for 
double  pulsed  holographic  interferometry  except  that  the 
heterodyne  system  uses  two  reference  beams  to  record  and 
readout  the  hologram.  During  the  recording  of  the  double 
exposure  hologram,  one  beam  is  used  for  the  first  exposure 
and  the  other  for  the  second.  On  playback,  both  reference 
beams  are  used.  Bragg  cells  inserted  in  each  beam  are  used 
to  shift  the  beams  at  slightly  different  frequencies  causing 
the  fringes  to  move  periodically  at  the  difference  frequency 
of  the  two  beams.  The  intensity  variations  are  detected  at 
each  point  on  the  image  using  a  photomultiplier  tube  or 
image  dissector  camera  and  compared  in  phase  with  a 
reference  signal  from  a  fixed  point  on  the  image.  The  phase 
difference  is  measured  and  recorded  for  each  spot  in  the 
image.  A  360deg  phase  difference  is  equivalent  to  one 
fringe  displacement  observed  in  a  conventional  holographic 
inter ferogram .  Thus,  the  resolution  of  the  heterodyne 
system  is  limited  only  by  the  stability  of  the  optical 
setup,  spatial  bandwidth  of  the  imaging  system,  and  the 
accuracy  with  which  phase  differences  can  be  measured. 


An  alternative  to  true  heterodyne  holographic 
interferometry  is  being  considered  as  well .  Quasi¬ 
heterodyne  (or  phase  step) holographic  interferometry 
permits  video  image  processing  of  double-exposure,  dual 
reference  beam  holograms  which  are  recorded  in  a  manner 
identical  to  that  used  for  true  heterodyne  holographic 
interferometry.  Fringe  interpolation  is  performed  by 
combining  three  of  the  holographic  interference  images  which 
differ  only  in  that  the  fringe  positions  on  the  object  are 
shifted  by  a  known  change  in  optical  path  length  of  one  of 
the  reference  beams  relative  to  the  other.  This  technique 
is  far  faster,  however,  it  provides  a  displacement 
resolution  about  one  order  of  magnitude  poorer  than  the  true 
heterodyne  technique. 

During  this  program  year,  a  third  generation  heterodyne 
system  has  been  constructed  with  a  demonstrated  temporal 
capability  for  measuring  out-of-plane  displacements  with  a 
resolution  of  better  that  1/1500  of  a  fringe  (Previous 
configurations  provided  resolutions  to  1/900  of  a  fringe  or 
about  3  Angstroms  ) .  Pulsed  heterodyne  holographic 
interferometry  of  large  amplitude  acoustic  waves  propagating 
over  an  aluminum  test  specimen  and  interacting  with  a 
machined  slot  "defect"  was  successfully  demonstrated.  This 
new  readout  system  is  extremely  flexible  in  that  it 
incorporates  two  acousto-optic  (Bragg)  cells  with 
electronics  to  permit  either  frequency  shifting  for  true 
heterodyning  or  phase  shifting  for  phase-stepped,  quasi- 
heterodyne  holographic  interferometry.  A  manuscript  is 
being  prepared  which  describes  the  means  by  which  phase 
shifting  may  be  obtained  using  acousto-optic  cells.  The 
system  provides  for  a  small  angular  separation  (0.003 
degrees  )  between  the  two  reconstructing  beams  to  help  ensure 
immunity  to  environmental  effects  and  provide  ease  of 
alignment. 
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